We present the results of the continuation of our magnetic survey with FORS 1 at the VLT of a sample of B-type stars consisting of confirmed or candidate β Cephei stars and Slowly Pulsating B (hereafter SPB) stars, along with a small number of normal B-type stars. A weak mean longitudinal magnetic field of the order of a few hundred Gauss was detected in three β Cephei stars and two stars suspected to be β Cephei stars, in five SPB stars and eight stars suspected to be SPB stars. Additionally, a longitudinal magnetic field at a level larger than 3σ has been diagnosed in two normal B-type stars, the nitrogen-rich early B-type star HD 52089 and in the B5 IV star HD 153716. Roughly one third of β Cephei stars have detected magnetic fields: Out of 13 β Cephei stars studied to date with FORS 1, four stars possess weak magnetic fields, and out of the sample of six suspected β Cephei stars two show a weak magnetic field. The fraction of magnetic SPBs and candidate SPBs is found to be higher: roughly half of the 34 SPB stars have been found to be magnetic and among the 16 candidate SPBs eight stars possess magnetic fields. In an attempt to understand why only a fraction of pulsating stars exhibit magnetic fields, we studied the position of magnetic and non-magnetic pulsating stars in the H-R diagram. We find that their domains in the H-R diagram largely overlap, and no clear picture emerges as to the possible evolution of the magnetic field across the main sequence. It is possible that stronger fields tend to be found in stars with lower pulsating frequencies and smaller pulsating amplitudes. A somewhat similar trend is found if we consider a correlation between the field strength and the v sin i-values, i.e. stronger magnetic fields tend to be found in more slowly rotating stars.
Introduction
We started our systematic search for magnetic fields in pulsating B-type stars after the detection of a weak magnetic field in two β Cephei stars, in the prototype of the class, β Cep itself, by Henrichs et al. (2000) and in V2052 Oph by Neiner et al. (2003a) . The first detection of a weak magnetic field in the SPB star ζ Cas was reported by Neiner et al. (2003b) . In our first publication on the magnetic survey of pulsating B-type stars (Hubrig et al. 2006) , we announced detections of weak mean longitudinal magnetic fields of the order of a few hundred Gauss in 13 SPB stars and in the β Cephei star ξ 1 CMa. Among the three β Cephei stars with detected magnetic fields, ξ 1 CMa showed the largest mean longitudinal field of the order of 300 G.
However, the role of magnetic fields in modeling oscillations of B-type stars remains to be studied. Our previous search for correlations between the strength of the magnetic field and stellar fundamental parameters, using available, rather scarce data, was unsuccessful. We also did not find any hint of relations between the magnetic field strength and other stellar parameters. The position of the magnetic pulsating stars in the H-R diagram did not indicate a noticeable difference in the evolutionary stage between the nonmagnetic and magnetic pulsating stars. On the other hand, the whole sample under previous study contained only 14 stars with detected magnetic fields. Clearly, to obtain better statistics it is necessary to increase the sample of targets with magnetic field measurements. The aim of the current study is to analyse β Cep and SPBs as a group, such as the distributions of their magnetic fields and their relation to stellar fundamental parameters, that is stellar mass, effective temperature, projected rotation velocity, evolutionary state in terms of elapsed fraction of main-sequence lifetime, and pulsation period. Magnetic field measurements have been collected with FORS 1 at the VLT in the last two years. With this new dataset and the previous dataset presented by Hubrig et al. (2006) , we now obtained at least one mea-surement for each of the currently confirmed 34 SPB stars visible from the Southern hemisphere and for 13 β Cephei stars. The SPB-like variability of most of the studied SPBs was discovered by the Hipparcos satellite (Waelkens et al. 1998) . Their membership in the SPB class has been confirmed by long-term photometric and spectroscopic monitoring projects undertaken by members of the Institute of Astronomy of the University of Leuven. We refer to De Cat (2007a) for a recent review on SPB stars.
Here we present the results of 98 magnetic field measurements in a sample of 60 stars, which includes confirmed and suspected β Cephei and SPB stars and a small fraction of early to mid normal B-type stars. We describe the derivation of the fundamental parameters of the stars in our sample and discuss the occurrence and strength of their magnetic fields in the context of their position in the H-R diagram.
The sample of pulsating stars
Besides the confirmed SPB stars studied by long-term photometric and spectroscopic monitoring projects, we enlarged our magnetic field search to several other Hipparcos SPB stars. In the Hipparcos lightcurves, these targets show periods of the order of days, which correspond to the pulsation range of SPB stars. Furthermore, all these stars have been found to be located in the SPB instability strip. Currently, we consider them as suspected SPB or candidate SPB stars since additional studies of their variability are needed to definitely conclude on their nature. Many chemically peculiar B-type magnetic stars, so-called Bp stars and ellipsoidal variables are also found in the same part of the H-R diagram. For these stellar types the observed variations are operating on similar timescales, but are usually attributed to rotation or binarity, instead of pulsations (Briquet et al. , 2004 .
The further goal of the present study was to enlarge the number of magnetic field measurements for a sample of β Cephei stars. Among them, the β Cephei stars δ Cet and ξ 1 CMa were selected for monitoring because of the similarity of their pulsation behaviour. ξ 1 CMa was re-observed a couple of times with the aim to investigate its magnetic variability. As we mentioned in our previous work (Hubrig et al. 2006 ), δ Cet and three β Cephei stars with detected magnetic fields, V2052 Oph, ξ 1 CMa and β Cep, share common properties: all four are nitrogen enriched (Morel et al. 2006) , and all of them are either radial pulsators (ξ 1 CMa) or their multiperiodic pulsations are dominated by a radial mode (δ Cet, β Cep, and V2052 Oph). The presence of a magnetic field in these stars might play an important role to explain these physical characteristics. To search for the presence of possible differences in fundamental parameters between pulsating and non-pulsating stars we also selected seven non-pulsating normal early to mid B-type stars including the nitrogen-rich B star HD 52089 recently studied by Morel et al. (2008) .
All stars are very bright (V ≤ 8) and their pulsational behaviour has been intensively studied during the last years.
The fundamental parameters of the studied β Cephei stars (both confirmed and suspected) are presented in Table 1a,  those of SPB and candidate SPB stars in Table 1b, and Table 1c contains the fundamental parameters of normal Btype stars and the N-rich star HD 52089.
For all the objects in our sample, observations in the GENEVA photometric system are available. Mean GENEVA magnitudes were used to obtain the effective temperature T eff and the surface gravity log g with the method described by Künzli et al. (1997) . In Table 1a the T eff and log g values of HD 44743, ξ 1 CMa, HD 50707, HD 129557, and HD 180642 are inaccurate because an extrapolation outside the calibration grid was needed for their determination. The same extrapolation was used for HD 52089 in Table 1c . All these values are set in italics.
To derive other stellar parameters, a grid of main-sequence models has been used, which was calculated with the Code Liégeois d'Évolution Stellaire (version 18.2, Scuflaire et al. 2008) , assuming solar composition. For a detailed description see "grid 2" in De Cat et al. (2006) . The mass M, the radius R, the luminosity log(L/L ⊙ ), and the age of the star expressed as a fraction of its total main-sequence lifetime f are presented in Cols. 6 to 9 in Tables 1a-1c. We note that the SIMBAD spectral classification as giants or supergiants of a number of β Cephei and SPB stars is in all cases misleading, probably due to the low v sin i values of the considered stars. The fundamental parameters presented in Tables 1a-1c clearly show that only one star in our sample, HD 40494, is in an advanced evolutionary state, just behind the terminal-age main sequence (TAMS).
For almost all studied stars numerous spectroscopic observations have been obtained in previous years at the ESO La Silla observatory and Observatoire de Haute-Provence Mathias et al. 2001; Uytterhoeven et al. 2001; De Cat & Aerts 2002; Aerts et al. 2004a Aerts et al. , 2004b . To estimate the projected rotational velocity v sin i (Col. 10 in Tables 1a-1c) , an average of all spectra has been used for single stars. For binaries with a well-known orbit, the orbital motion was removed before averaging the spectra. In case of double-lined systems, usually the spectrum with the maximum observed separation between the components was chosen for the v sin i determination. For slowly rotating β Cephei and SPB stars we selected several unblended absorption lines: the λ4560 Si III-triplet and/or the λ4130 Si II-doublet. For rapidly rotating stars, only the λ4481 Mg Iline has been used. We applied the method of least squares fitting with rotationally broadened synthetic profiles using a Gaussian intrinsic width but without taking into account pulsational broadening.
For fifteen stars we do not have high-resolution spectroscopic observations. For thirteen stars it was possible to gather v sin i values from the literature. The v sin i values for HD 27742, HD 40494, HD 61068, HD 129557, HD 136504, HD 142378, HD 169033 , and HD 171034 were taken from Abt et al. (2002) . For HD 23958 and HD 169820 the v sin i values were found in Royer et al. (2002) . For the normal B-
Table 1a
The observed β Cephei stars. In the first three column we list the HD number, another identifier, the spectral type retrieved from the SIMBAD database and membership in a spectroscopic binary system. An asterisk in front of the HD number denotes candidate β Cephei stars. The effective temperature T eff and the surface gravity log g are listed in Cols. 4 and 5 (see text). In Cols. 6 to 10 we present the stellar mass M, the radius R, the luminosity log(L/L ⊙ ) and the age of the star expressed as a fraction of its total main-sequence lifetime f . The last column gives v sin i-values. ′′ 4 was used to obtain a spectral resolving power of R ∼ 2000 with GRISM 600B and R ∼ 3000 with GRISM 600R. During the observing run in August/September 2007 two β Cep stars, ξ 1 CMa and δ Cet, have been observed with the GRISM 1200B covering the Balmer lines from Hβ to H8, and a slit width of 0.
′′ 4 to obtain a spectral resolving power of R ∼ 4000. Usually, we took four to eight continuous series of two exposures for each star in our sample with the retarder waveplate oriented at two different angles, +45
• and −45
• . All stars in our sample are bright and since the errors of the measurements of the polarization with FORS 1 are determined by photon counting statistics, a signal-to-noise ratio of a few thousands can be reached for bright stars within ∼30 min. More details on the observing technique with FORS 1 can be found elsewhere (e.g., Hubrig et al. 2004a Hubrig et al. , 2004b . The mean longitudinal magnetic field is the average over the stellar hemisphere visible at the time of observation of the component of the magnetic field parallel to the line of sight, weighted by the local emergent spectral line intensity. It is diagnosed from the slope of a linear regression of V/I versus the quantity − g eff e 4πm e c 2 λ
where V is the Stokes parameter which measures the circular polarization, I is the intensity observed in unpolarized light, g eff is the effective Landé factor, e is the electron charge, λ is the wavelength expressed in , m e the electron mass, c the speed of light, dI/dλ is the derivative of Stokes I, and B z is the mean longitudinal field. Our experience from a study of a large sample of magnetic and non-magnetic Ap and Bp stars revealed that this regression technique is very robust and that detections with B z > 3σ result only for stars possessing magnetic fields.
To search for temporal variability of the magnetic field of ξ 1 CMa we planned to obtain a series of spectropolarimetric observations with the 2.56 m Nordic Optical Telewww.an-journal.org Table 1b Same as in Table 1a for the observed SPB stars. An asterisk denotes candidate SPB stars. Table 1a for the observed normal B stars and the N-rich star HD 52089. scope (NOT, La Palma) using the SOFIN echelle spectrograph. However, due to bad weather conditions, only one rather noisy high resolution spectropolarimetric observation with an exposure time of 30 sec and a S/N ratio of ∼150 was obtained on September 13, 2008. SOFIN is a highresolution echelle spectrograph mounted at the Cassegrain focus of NOT (Tuominen et al. 1999 ) and equipped with three optical cameras providing different resolving powers of 30 000, 80 000, and 160 000. ξ 1 CMa was observed with the low-resolution camera with R = λ/∆λ ≈ 30000. We used a 2K Loral CCD detector to register 40 echelle orders partially covering the range from 3500 to 10000 with a length of the spectral orders of about 140 at 5500 . The polarimeter is located in front of the entrance slit of the spectrograph and consists of a fixed calcite beam splitter aligned along the slit and a rotating super-achromatic quarter-wave plate. Two spectra polarized in opposite sense are recorded simultaneously for each echelle order providing sufficient separation by the cross-dispersion prism below 7000 . Two such exposures with the quarter-wave plate angles separated by 90
• are necessary to derive circularly polarized spectra. The spectra are usually reduced with the 4A software package (Ilyin 2000) . Bias subtraction, master flat-field correction, scattered light subtraction, and weighted extraction of spectral orders comprise the standard steps of the image processing. A ThAr spectral lamp is used for wavelength calibration, taken before and after each target exposure to minimize temporal variations in the spectrograph.
Results
The results of our determinations of the mean longitudinal magnetic field B z for all studied SPB stars, β Cephei stars, candidate SPB and β Cephei stars, and normal B-type stars are presented in Tables 2a to 2c. In the first two columns we give the HD number and the modified Julian date of the middle of the exposures. The measured mean longitudinal magnetic field B z all using all absorption lines in the Stokes V spectra and B z hydr measured on the hydrogen Balmer lines are presented in Cols. 3 and 4, respectively. As an important step, before the assessment of the longitudinal magnetic field, we removed all spectral features not belonging to the stellar photospheres of the studied stars: telluric and interstellar features, CCD defects, also emission lines and lines with strong P Cygni profiles. For the early-type β Cephei pulsators, a longitudinal magnetic field at a level larger than 3σ has been diagnosed in four β Cephei stars, (Hubrig et al. 2006 ). We could not confirm the presence of magnetic fields at the 3σ level for the previously studied five SPB stars, HD 45284, HD 53921, HD 74195, HD 169820, and HD 215573. These non-detections are likely caused by the strong dependence of the longitudinal magnetic field on rotational aspect. It is generally known that the usefulness of longitudinal magnetic fields in characterizing actual magnetic field strength distributions depends on the sampling of various rotation phases, and hence various aspects of the magnetic field. Among seven normal B-type stars not known as pulsating stars, a weak magnetic field was detected in the nitrogenrich early B-type star HD 52089 and in the B5 IV star HD 153716.
Among the SPB stars, the detected magnetic fields are mainly of the order of 100-200 G. Only the measurements in HD 24587 revealed the presence of a comparatively large magnetic field of the order of 350 G. For stars observed more than once, the individual measurements show a variability of the magnetic field. However, no exact rotation periods are known for the stars in our sample, and it is cer-tainly not possible with just a few measurements to obtain a clue about the magnetic field geometry causing the observed variations.
A rather strong variable magnetic field has been detected in the candidate SPB star HD 152511 with a maximal field strength of B z hydr = 728±50 G measured on the hydrogen Balmer lines. This star, however, is poorly studied, with only six references in the SIMBAD database. Hipparcos photometric observations reveal a variation period of the order of 0.94 d, which corresponds to the pulsation range of SPB stars. It is presently not clear whether this period is in fact a rotation period and the observed photometric variability could be attributed to an inhomogeneous distribution of chemical elements on the stellar surface. The magnetic field measurements show a positive longitudinal magnetic field over the period of 0.94 d without any change of polarity (Fig. 1) . This star obviously deserves future spectropolarimetric, spectroscopic and photometric observations to establish the nature of its variability.
Magnetic fields of the order of several ten to several hundred Gauss have been detected in four β Cephei stars and in two candidate β Cephei stars. The presence of a relatively strong magnetic field in the β Cephei star ξ 1 CMa is confirmed in all eleven measurements carried out since 2005. In Fig. 2 we present our high resolution spectropolarimetric observations with the SOFIN echelle spectrograph at the Nordic Optical Telescope. In spite of rather strong noise, clear Zeeman features are detected at the positions of the unblended lines O II 4676.2, O II 4890.9, and He I 5015.7. The latter line is only marginally blended with N II 5016.4. In Fig. 3 we present the acquired measurements of this star over the last 4.4 years with FORS 1. No polarity change is detected in our measurements. Measurements of the magnetic field during the same nights or within one day (MJDs 54114, 54345, (54348) (54349) show small changes in the magnetic field strength of the order of a few tens of Gauss, indicating that the field is likely slightly variable on rather short time scales, a couple of days at most. It is not clear yet whether this variability is caused by stellar rotation or by stellar pulsations. On the other hand, from the measured v sin i value and the radius estimation presented in Table 1a we derive a rotation period in the range from 12 to 33 days. As we reported in our previous study (Hubrig et al. 2006) , the radial velocity variability of this star was first discovered by Frost (1907) . This star pulsates in a radial mode monoperiodically (Saesen et al. 2006 ) with a period of 0.209574 days (e.g., Heynderickx et al. 1994) . Saesen et al. (2006) found a peak-to-peak radial-velocity amplitude of some 33 km s −1 , which is among the largest values observed for a β Cephei star. The amplitude of magnetic field variations is rather low: The obtained values of the longitudinal magnetic fields are in the range from 308 to 380 G for the measurements using all spectral lines and from 276 to 400 G for the measurements using hydrogen lines. Our search for a variation period of the magnetic field in ξ 1 CMa using a Fourier analysis could not reveal any significant frequency. It is intriguing that the distribution of pulsation periods of early B-type pulsating stars is similar to the distribution of the rotation periods of a number of chemically peculiar magnetic He-strong stars which occupy approximately the same parameter space in the H-R diagram as β Cephei and SPB stars (e.g., ). The photometric, spectroscopic and magnetic field variations of He-strong stars are usually interpreted in terms of the oblique rotator model. Several such stars, e.g., HD 36485, HD 58260, HD 60344, HD 96446, and HD 133518, with rather short periods, show no polarity change and rather low variabil- ity amplitude of the longitudinal magnetic field similar to the magnetic field behaviour of ξ 1 CMa. For the He-strong star HD 96446 Mathys (1994) obtained an unrealistic small radius from the study of the observed magnetic structure, suggesting that the observed variability could be caused by pulsations. Interestingly, all four 3σ magnetic field detections in the β Cephei star δ Cet ) indicate a negative magnetic field without any change of polarity. According to Aerts et al. (2006) δ Cet is most likely observed nearly pole-on. One more β Cephei star in our sample, HD 50707 does not show any change of polarity either, though only two measurements have been carried out so far for this star.
Recently, Morel et al. (2006 Morel et al. ( , 2008 performed an NLTE abundance analysis of a sample of slowly rotating earlytype B dwarfs with detected weak magnetic fields. The studied sample included, among other stars, also a number of SPB and β Cephei stars for which we carried out a magnetic field survey in recent years. This analysis strongly supports the existence of a population of nitrogen-rich and borondepleted slowly rotating B stars and indicates that the β Cephei stars δ Cet, ξ 1 CMa, HD 50707, and the early B-type star HD 52089 are all nitrogen enriched. For all these stars we have magnetic field detections. In addition, two other β Cephei stars, V2052 Oph and β Cep, of their sample with detected longitudinal magnetic fields of the order of ∼100 G (Neiner et al. 2003b; Henrichs et al. 2000) were found to show nitrogen enhancement. For the sixth β Cephei star with a detected magnetic field, HD 180642, Morel & Aerts (2007) found a mild nitrogen overabundance, though boron data are not available. Also for the candidate β Cephei star HD 74575 with diagnosed magnetic field, Przybilla et al. (2008) recently detected nitrogen overabundance, while Profitt & Quigley (2001) found this star to be boron-depleted. Unfortunately, nothing is known about the abundances of these chemical elements for the remaining candidate β Cephei star HD 136504 with a detected magnetic field. In summary, all confirmed and candidate β Cephei stars, with a magnetic field detection and with available N and B abundance values, present a nitrogen enrichment accompanied by a boron depletion.
At present, only for three confirmed and candidate SPBs, all of early B spectral type, is the nitrogen abundance known. Two SPB stars with detected magnetic fields, ζ Cas and HD 85953 have recently been studied by Briquet & Morel (2007) . While ζ Cas was found to be nitrogen rich, the analysis of HD 85953 revealed a normal chemical composition. For the candidate SPB star HD 169467, with a measured longitudinal magnetic field B z hydr = −233±43 G, Zboril & North (1999) type dwarfs, indicating that this star is N-rich too. Boesgaard & Heacox (1978) used Copernicus observations to determine the boron abundance in a sample of B-type stars and found HD 169467 to be boron depleted, assigning the same boron abundance to this star as to the magnetic SPB star ζ Cas. The more recent and more reliable analysis of ζ Cas by Profitt & Quigley (2001) confirmed the very low boron abundance in this magnetic SPB star, and, consequently, that HD 169467 could be boron poor at similar levels. An overview of the available abundance analyses of nitrogen in pulsating B-type stars is given in Table 3 , where we present nitrogen over carbon abundance ratios ([N/C]). Almost all stars with a nitrogen overabundance have detected magnetic fields. Unfortunately, we have only one magnetic field measurement for both HD 61068 and, even more regrettably, HD 129557. The latter is one of the most N-rich B stars known in the solar neighbourhood.
Clearly, the presently available observational data suggest a higher incidence of chemical peculiarities in stars with detected magnetic fields. We note that δ Cet, HD 50707, and HD 52089 have been included in this survey primarily because they were nitrogen rich. These results open a new perspective for the selection of the most promising targets for magnetic field surveys of massive stars using chemical anomalies as selection criteria.
Discussion
Out of 13 β Cephei stars studied to date with FORS 1, four stars (31%) possess weak magnetic fields, and out of the sample of six suspected β Cephei stars two stars show a weak magnetic field. The fraction of magnetic SPBs and candidate SPBs is found to be higher: roughly half of the 34 SPB stars (53%) were found to be magnetic and among the 16 candidate SPBs eight stars (50%) possess magnetic fields. In an attempt to understand why only a fraction of pulsating stars exhibit magnetic fields, we studied the position of magnetic and non-magnetic pulsating stars in the H-R diagram. Their distribution is shown in Fig. 4 . In this figure filled circles correspond to confirmed SPB stars, open circles to candidate SPB stars, filled stars to confirmed β Cephei stars, open stars to candidates β Cephei stars, and squares to standard B stars. The stars with detected magnetic fields are presented by symbols which are 1.5 times bigger than those for stars for which magnetic fields were not detected. The instability strips shown in Fig. 4 were determined from theoretical models for main-sequence stars with 2 M ⊙ ≤ M ≤ 15 M ⊙ . For these models, the instability of the modes with ℓ ≤ 3 and eigenfrequencies between 0.2 and 25 d −1 was checked. The hence derived instability strips only contain models having unstable β Cephei-and/or SPB-like modes (De Cat et al. 2007b) . From the locations of the boundaries of the instability strips it is clear that β Cephei stars are not found close to the ZAMS as they are not predicted to be there. Some concentration of less massive SPB stars towards the ZAMS is in agreement with expectations from Fig. 4 The position of the studied pulsating and nonpulsating stars in the H-R diagram. The sample includes all targets for which FORS 1 spectropolarimetric observations are available (this study and Hubrig et al. 2006) . The full lines represent the boundaries of the theoretical instability strips for modes with frequencies between 0.2 and 25 d −1 and ℓ ≤ 3, computed for main-sequence models De Cat et al. 2007b) . The lower and upper dotted lines show the zero-age main sequence and terminal-age main sequence, respectively. The dashed lines denote evolution tracks for stars with M = 15, 12, 9, 6, and 3 M ⊙ . Filled circles correspond to confirmed SPB stars, open circles to candidate SPB stars, filled stars to confirmed β Cephei stars, open stars to candidates β Cephei stars, and squares to standard B stars. The stars with detected magnetic fields are presented by symbols which are 1.5 times bigger than those for stars for which magnetic fields were not detected. The cross in the bottom left corner gives the typical error estimate, 0.02 on log(T eff ) and 0.2 on log g. The parameters of objects with M > 12 M ⊙ are less reliable because these values were found by extrapolation out of the calibration tables. 
Fig. 6
The strength of the longitudinal magnetic field measured with FORS 1 using hydrogen lines as a function.of stellar mass. The symbols are identical to those presented in Fig. 5 . rich star HD 52089, it is obvious that their domains in the H-R diagram largely overlap. For this reason we suggest that the evolutionary age cannot be the decisive factor for the presence of a magnetic field in pulsating stars. This suggestion is also supported by Fig. 5 where we present the strength of the longitudinal magnetic field measured in confirmed pulsating β Cep and SPB stars and candidate β Cep and SPB stars as a function of the completed fraction of the main-sequence lifetime. In this figure and all subsequent figures, we use the data from this study and from Hubrig et al. (2006) . The magnetic field strength is used in absolute values, without taking into account the polarity of the 
Fig. 8
The strength of the longitudinal magnetic field measured with FORS 1 using hydrogen lines as a function of frequency presented in Table 4 . For multiperiodic stars we selected the pulsation mode with the highest amplitude. The symbols are identical to those in The strength of the longitudinal magnetic field measured with FORS 1 using hydrogen lines as a function of the pulsation amplitude of the dominant frequency. The symbols are identical to those presented in Fig. 5. field. No obvious trend for the change of the strength of the magnetic field across the H-R diagram can be detected. We also find no trend between the distribution of the strength of the magnetic field and stellar mass or effective temperature, though for the small sample of β Cephei stars a slight increase of the strength of the magnetic field with the stellar mass and effective temperature is possible (Figs. 6 and 7) .
In Table 4 we present the frequencies and the corresponding pulsating amplitudes of all pulsating stars for which magnetic fields have been detected with FORS 1 up to now. is given since only spectroscopic observations have been carried out. As we already mentioned in Sec. 2, four magnetic β Cephei stars, δ Cet, ξ 1 CMa, V2052 Oph, and β Cep have another common property: they are either radial pulsators (ξ 1 CMa) or their pulsations are dominated by a radial mode (δ Cet, β Cep, and V2052 Oph). In addition, Aerts (2000) found HD 180642 to be a large amplitude non-linear pulsator with a dominant radial mode. Although the mode identification for the main frequency of the β Cephei star HD 50707 is not completely clear, it has been shown by other authors that this star pulsates non-linearly (Shobbrook et al. 2006; Heynderickx 1992) as is the case for all magnetic β Cephei stars for which the pulsational behaviour has been carefully studied in the past. It is therefore quite possible that there might be a link between such a non-linear pulsation behaviour dominated by a radial mode and the presence of a magnetic field.
In Figs. 8 and 9 we plot the strength of the magnetic field as a function of the pulsation frequency and the corresponding pulsating amplitudes. For multiperiodic stars we use in Fig. 8 the frequency of the pulsation period with the highest amplitude. It is possible that stronger fields tend to be found in stars with lower pulsating frequencies and smaller pulsating amplitudes.
In Fig. 10 we display the strength of the magnetic field as a function of v sin i-values. The majority of pulsating stars have rather low v sin i-values, less than 30 km/s, and it is possible that the magnetic stars are rotating more slowly. Magnetic breaking and angular momentum transport along the field lines would offer a natural explanation for the slow rotation of our magnetic pulsating stars. Slow rotation is one of the main characteristics of Ap and Bp stars and it is generally assumed that Ap stars are slow rotators because of magnetic braking. However, this judgment about the slow rotation of pulsating stars is based on the assumption that the stars with the low v sin i-values are not actually viewed pole-on stars. On the other hand, considering random inclination angles and the size of our sample, the number of pole-on stars should be rather small. For no star is the rotation period known to date. The rotation periods of pulsating stars can currently be rather easily determined by space-based monitoring with the up-coming mission of the nanosatellites BRITE (BRIght Target Explorer) or with the already in orbit microsatellite MOST (Microvariability and Oscillations of STars). These satellites can provide intense photometric monitoring to search and precisely identify pulsation modes and rotationally split modes in both, SPB and β Cep stars, and in Bp stars (we refer to Sect. 4 with the discussion related to He-strong stars). Such observations will be crucial for the understanding of the generation mechanism of the magnetic field in hot B-type stars.
In summary, we have demonstrated that a significant fraction of pulsating B stars are magnetic. This is a very important result, which should be included in future discussions related to theoretical works similar to that of Hasan et al. (2005) . The presented magnetic field measurements in pulsating stars confirm that their longitudinal magnetic fields are rather weak in comparison to the kG fields detected in magnetic Bp stars. Although our results provide some new clues, the observational results presented in this work are still inconclusive as to the difference between magnetic and non-magnetic pulsating stars. The present-day magnetic field data are far from sufficient to prove the existence of either pulsational or rotational variability of magnetic fields in the studied stars. Additional future magnetic field measurements are also needed to study the indicated loose trends in the few dependencies presented above. Abundance studies of nitrogen and boron in B-type stars are still scarce. It will be important to carry out sophisticated abundance analyses for all pulsating stars. Besides confirming the use of the chemical anomaly as an indicator for the presence of magnetic fields, it will also be of importance to obtain abundances for pulsating stars with non-detections. Such analyses are necessary to convincingly reveal a dichotomy between the two groups.
